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© Semiconductor light 



) A semiconductor light emitter, such as ms 
light-emitting diode or the semiconductor leeer, 
having a atructure bi which a light emitting area 
or an active layer (19); a transparent layer 
(15,17) which la previous to Bght radiated from 
the light enrtUng area or the active layer (19) ; 
and an opaque layer (12,20) or an opaque sub- 
strate which h> Impervious to the radiated light 
are arranged In order or in the Inverse order. 
The semiconductor light emitter included (a) 
totaJ refraction layered) (14,18) arranged be- 
tween the transparent layers(e) (15,17) and the 
opaque layen» (12.20) eo ee to coma into con- 
tact with the transparent layer (15.17). The ref- 
ractive Index of the total reflection layer (14,18) 
id smaller then that of the transparent layer 
(15,17). Therefore, at least one part of light, 
which ha* been radiated from the light emitting 
area or the active layer (18) and whfch haa been 
reflected by the total reflection layer (14.16) 
thereafter, Is either radiated outward from side 
surfaces of the transparent layer (15,17) or re- 
turned to the active layer (16). 



Fig. 8 
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SPECIFICATION 

BACKGROUND OF THE INVENTION 

6 (DRqldqfthqtnventfgn 

Ttito Invention relates to a reflection layer of a semiconductor light emitter, and more particularly, to a high 
effective total reflection layerof a semiconductor light emitter which la utilized for a Ughfremfttlng diode, a sem- 
iconductor laser and so on, 

10 

(2) Daacriptlon of the Prior Art 

In the semiconductor light emitter, such as the Hghtemrttlng diode (LED), the semiconductor laser eta, It 
la very important to extract Ughtf rem Inside effectively. In other words, to Improve an outer radiative off Icfency, 
« from a point of obtaining a semiconductor light-emitter of high power and efficiency. 

Particularly, In case of using a substrate absorb kig a radiative wavelength, it has been devised a coun- 
tefmeasure to prevent the substrate from abaorblng the light by a provision of a reflecting layer between the 
substrate imd a Hglrt-emK^ 

the outer radlattVe efficiency of the semiconductor llg ht emftter. 

ao Aa an example of the prior art. Fig. 1, shows ecross-eectloflal vlewof an LED having a multilayer reflection 
film arranged on an opaque substrate, thereby emitting the light from an upper surface of the LED. This emitter 
is produced es follows; on the whole surface of an n-type OaAs substrate 51 0. n-type AlinPMJQalnP multi- 
layer reflection layers S11 (layer thinness: 0.041um(AllnP) ; O.WOVm(AIGalnP), 20 pairs), an n-type AIQalnP 
cladding layer 51Z an undoped ArGaJnP emitting layer 513, a p-type AIGalnP cladding layer 514 and a p-type 

2$ OaAs contact layer 515 are fabricated In older. 

Thereafter, a surface electrode 516 b deposited on a surface of the LED and then the electrode 518 and 
the p-type GaAa contact layer 515 are etched except a central portion of the LED. Further, a back surface 
electrode 517 le also deposited on a back surface of the LED. 

In the above LED, however* since the multWayer reflection firm affords high mflecthrhy for only tight In a 

oo specific Incident dfrectfon, Le. , a vertical Incident I Ight In this case, there Is caused a problem that, although a 
beam p traveling straight downward b reflected by * e multWayer reflection film to radiate upward, a beam q 
traveling downward obliquely b absorbed by the multWayer reflection film eo that It does not contribute to the 
outward radiation. 

Further, afoc» the multWayer reflection film reflects mainly the light traveling straight downward, the light 

* Is radiated through the upper surface of the LED chip, so that the amount of light radiated through the aide 
surfaces of the chip is remarkably small. Such a fact Is Inconvenient for applying a simple mounting method 
of the chip described hereinafter. 

We now describe a method disclosed In Japanese Patent Application LaWOpen 6 ho 57 Na49284 as a 
simple method to mount the LED on a printed board drectly without wbe- bonding. Aa shown In Flg-ZA, in the 
4(? above method, a p-type semiconductor layer 718 la fabricated on an n-type semiconductor substrate 71 0 to 
form an electrode 721 on an uppersurfaca of the LED chip, which radiates the light In the viemfty of a pn Junction 
surface 720, and an electrode 723 on a lower surface thereof. Thereafter, solder layers 732 are plated on both 
electrodes, respectively. On the other hand, as a printed board to mount trie LED chip thereon, there Is prepared 
a printed board as shown Pig. 2B where wirings 726 (over two areas) for the respective electrodes are printed 

* on an insulator substrate 72& to form a sofder resist film 733 and an adhesive agent 731 le painted thereon. 
Then, seating the above LED chip on the substrate and heating the solder foyers 732 tor at first melting and 
subseepjently resolidifying, solders 730 connecting the electrode wirings 728. 728 to the LED electrodes 721 
and 722 can be completed, respectively. In thla way. by arranging the chip laterally on the board and then fbdng 
ft thereon, the light can be radiated from the side surfaces of the chip, 

so The above-mentioned mounting method presupposes a extracting up of a great deal of I ^ht from the side 
surfaces of the chip. Therefore. It la not practical to apply the above mounting method for a conventional LED 
using a muKHoyer reflection film on a light abaorblng substrate. 

On the other hand, It Is very Important to reduce a threshold current tn the semiconductor laser to obtain 
a high efficiency of omverting current to light In the prior art. Japanese Patent Application Laid-open Hel 2 

« Na1 70488 discloses a eernlconductar laser Intended to reduce the threshold current, or to improve the cur- 
rent/light converting efficiency by returning spontaneous emission, which emits in an active layer and does 
not contribute to an oscJDatlon of the laser, to the active layer (photon recycle). Flg.3 shows a cross-sectional 
view of this semiconductor laser. 

2 
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The semiconductor laser to manufactured as follows: at first by superimposing an n-type AfuO&njAs layer 
of a thickness X/4n( n: refractive Index oT medium) on an n-type AlAs layer of a thickness JU4n by turns with 
10 cycles by means of MOCVD (metal organic chemical vapor deposition) method, an n-type multi-layer re- 
flection film 902 la fabricated one n-type GaAa substrate 901. Then, after forming a n-type AI^Cb^tAs dad- 

5 ding layer 903, a OaAe active layer 904 and a e-typs AloaGaoTAa cladding layer 005 In order, p-type Alo^Ga^ 
layers and p-type AlAs layers ere imituelly laminated to have *Mn In thickness, respectively, with 10 cycles, 
whereby a p-type muftMayer reflection fUm 906 te> fanned and then a p-type OaAs cap layer 907 Is overlaid 
thereon. Next, after forming a mwo-stripe by etching, a p-type AlnaGatuAa burled layer 903 and a n-type AJ- 
GaAs burled layer 909 are provided by IPB method (Liquid Phase Epitaxy). Then, a Zn difTuston area 910 is 

10 formed by selective diffusion and a p-eJectttxfe 91 1 and a n-eJectrode 912 are provided. Then the semicon- 
ductor laser la completed to be of 100 urn In oscillator length by cleavage. 

In the above semiconductor laser, however, since the muttN&yer reflection film affords high reflectivity 
for limited light In a specific Incident direction (a vertical incident light mease of W4n in layer thickness), there 
la risen e problem that although a beam traveling from the active layer 904 to the multMeyer reflection film 

« 902 or 908 Is reflected by the multilayer reflection film to contribute to the photon recycle, an Incident beam 
oblique to the multHeyer reflection film la so absorbed that It does not contribute to the outward radiation. 

Furthermore, since the semiconductor laser needs high accuracy in thickness of each layer of the multi- 
layer film. It Is difficult to manufacture. Again, because of many boundaries between different kinds ofaemh 
oonductara. the semiconductor laser is apt to have an Increased resfatanco* 

20 

SUMMARY OP THE INVENTION 

Bearing the above-mentioned problems In mind, the first object of the present Invention Is to provide a 
semiconductor light emitter Intended to Increase the outside radiative efficiency crthe current utilization eff I- 
28 cfency by employing a reflection layerwith a simple construction to reflect the Incident light oblique to the re- 
flection layer. 

The second object of the present Invention Is to provide either a UgntemJttlng diode (LED), which Is capable 
of extracting the light from side surfaces of the chip. 

In onier to solve the above-mentioned objects, according to the f sat object of the present Invention, there 
so Is provided a semiconductor light emitter having a structure In which a light-emitting area or an active layer; 
a transparent layer which h pervious to light radiated from the light emitting area or the active layer: and an 
opaque layer or an opaque substrata which is Impervious to the radiated light are arranged In order or in the 
Inverse order, comprising: 

a total reflection layer arranged between the transparent layer and the opaque layer so as to come into 
as contact with the transparent layer, a refractive Index of the total reflection layer being smaller than that of the 
transparent layer; 

wherein at least one part of light which has been radiated from the I Ight-ernitting area or the active layer 
end which has been reflected by the total reflection layer thereafter. Is either radiated outward from side sur- 
face of the transparent layer or returned to the active layer. 
40 Furthermore, according to the second object of the present Invention, there is also provided a semicon- 
ductor light emitter having a structure including a I fght-emltting area or an active layer a first tranapsjent light 
pervious layer which is pervious to light radiated from the light-emitting area or the active layer; and a ftst 
opaque layer or an opaque substrate which Is Impervloue to the radiated fight, are arranged In order; under 
the light-emitting area or the active layer, a second transparent layer which is pervious to light radiated from 
49 lho Nghfremlttlng area or the active layer end a second opaque layer or an opaque substrate which is imper- 
vious to the radiated light, are arranged In order, over the llghfremltting area or the active layer, the sernfcorh 
ductor Dght emitter comprising: 

a first total reflection layer arranged between the first transparent layer and the first opaque layer so 
as to come into contact wfth the first transparent layer, a refractive Index of the first total reflection layer being 
90 smaller than that of the transparent layer and 

a second total reflection layer arranged between the second transparent layer and the second opaque 
layer so as to come Into contact with the second transparent layer, a refractive Index of the second total re- 
flection layer being smaller than that of the transparent layer, 

wherein at least one part of light which has been radiated from the light-emlrang area or the active layer 
W and which has been reflected by the first or second total reflection layer thereafter. Is either radiated outward 
from aide surfaces of the first or second transparent layer or returned to the active layer. 

In the first object of the present invention, any of the following features Is preferable: the product of the 
layer thickness and the refractive Index of the total reflection layer Is more then 1.41 times as much as a center 
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light-omitting wavelength of the semiconductor light emitter the traneperrent layer constate of AlGaAa or M- 
GalnP and the total reflection layer consists of any one of AJ As. AlGaAa, All nP arid AKSalnP, of which refractive 
Indexes are kwsr then that of the transparent layer, respectively: the transparent layer consists of any one of 
ZnSe. ZnSSe and ZnMgSSe and the total reflection layer consists of any one of ZnCdS, ZnCdSSe and 

6 ZnMgSSe, of which refractive Indexes are lower than that of the transparent layer, respectively; the semicon- 
ductor light emitter Is a light-emitting diode; and the semiconductor I (ght emitter is a semiconductor laser. 

Further, hi c«jb that the semJconductor light emitter Is the llght-emlttlng diode, any of the following features 
Is preferable: La* the transparent layer conefeto of GaAsP and the total reflection layer consists of any one of 
GaP, GaAsP and AIOaAs. of which refractive Indexes are lower than that of the transparent layer, respectively; 

to the transparent layer consists of either GaN or AIGalnN and the total reflection layer consists of AIGalnN of 
which refractive Index la lower then that of the transparent layer a protection film la formed on side surfaces 
of the transparent layer and a f tret and a second electrodes are formed on the top end bottom surfaces of the 
substrate and the light-emitting diode Is arranged so that the respective surfaces of the feat and the second 
electrodes are roughly perpendicular to surfaces of a f Ireland a second electrodes formed on a top and bottom 

is surfaces of the light-emitting diode, respectively, and the first electrode of the printed board la electrically con- 
nected with the f sat electrode of the light emitting diode end the second electrode of the printed board Is elec- 
trically connected with the second electrode of the light-emitting diode. 

Next the operation of the Invention wth reference to otowlngs is described. Flg.4 Is a schematic cross- 
sectional view of ths semiconductor light emitter, showing the principle of the Invention. In the figure, R la pre* 

so sumed that a refractive index of a medium 1 1n the light- Incident side Is &S27 ; the refraction Index of the total 
reflection layer 2 Is 3.189, lower than the refractive Index of the medium 1; a refractive Index of a medium 3 
Is a value In a range of 4.066 - 0.2761; where I la the Imaginary unit, and that the Incident angle of the light 
from the medium 1 through the medium 2 b expressed to the angle A. Fig, 5 shows a variation of a reflectivity 
R calculated In response to the changes of thickness d of the reflection layer 2 under the conditions of 50* 

2s and 66° on the above angle A. Note that the wavelength X of the light b 0.534 pm. 

In the structure shown In Flg.4. a critical angje Ac at which the Incident angle A exhibits the total reflection 
is 64,7". Under the condition that the Incident angle A to 60° which Is below the critical angle, as the layer thick- 
ness d is increased, the reflectivity R periodically repeats its rise and Gall. Under the condition that the Incident 
anoje A la 60° which Is over the critical angle, a requirement for total reflection can be satisfied, bo that, If the 

» layer thickness d Is large enough In comparison with the wavelength K the reflectivity R can be 100%. On the 
contrary, when the layer thickness d is small In comparison wbh the wavelength K the reflectivity Rlseo small 
that it cannot exceed 50% unless the layer thickness d la about 0^&um and that the reflectivity R of nearly 
1 00% cannot be attained unless the layer thickness d Is more than about 1 urn. 

This means that even though the Incident angle A satisfies the condition ofA>Ac there exists a flow-out 

as of the light called -evanescent wave" In the total reflection layer, so that the layer thickness d thereof has to 
be larger than the dfetance of the flow-out in order to obtain the sufficient reflectivity. 

Now. we define the medium 2 as the total reflection layer by the reflectivity of more than 50%. As described 
above, although a lower limit in the layer thickness of the total reflection layer Is C2Sum, It varies in response 
to the wavelength. Converting the above thickness to a light path length (f.e. the product of refractive Index 

40 end layer thickness), the length comesponds to 1 Ai times (= 3.189 x a25um/0,504Mm) the wavelength, where- 
by such a value Is applicable independent of the wavelength. 

Thb lower limit in the layer thickness of the total reflection layer la considerably large In comparison with 
the layer thickness of low refractive Index In the conventional multi-layer reflection film* The layer thickness 
of 7J4n (n: refractive Index) te given as that of the low refractive Index layer In the conventional multi-layer re- 

48 flection film, which corresponds to 0.26 times the wavelength in the above light path length. Comparing with 
this value, the light path length of the total reflection layer exceeds 1 -41 times the wavelength, so that the ratio 
therebetween la more than 6.6 times at least Consequently, It Is understood that the multilayer reflection film 
Is quite different from the total reflection layer In terms of the operational principle, since the former employs 
the Bragg reflection while the latter employs the total reflection. 

so Now, a case of radiating the light from side surface 4 of the semiconductor light emitter by utilizing the 
total reflection layer b studied, with reference to Fig. A Note that, through this study. It Is assumed that the 
side surface 4 b perpendicular to the total reflection layer 2. An Incident angle C to the aide surface 4 that the 
light radiated therefrom has to satisfy, is In a range of 0°< C < Cmax, where the total reflection critical angle 
Cmax of the light radiating from the medium 1 to the material 6 {refraction Index: 1.5 by assuming a resin) b 

99 2S.1B? ^ arc sln<1 .5/3.527)]. By the way. the relationship between the angles C and A Is expressed by the 
equation of A?=90* -C Therefore. In order to attain a high reflectivity of the total reflection layer 2 for the light 
radiating from the side surface, a high reflectivity should be obtained In the angle A of the range of Amln « A 
< 90*, where Amln ° 90 '-Cmax - 64.64*. This angle la approximately equal to the total reflection critical angle 

4 
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Ac (=64.7*) of the total reflection layer 2 mentioned above. 

Therefore. It Is understood that there la no need to use the rnultHayer reflection film which hoe been em- 
ployed conventionally, since the total reflection layer 2 can reflect moat of the light radiating from the side eur* 
face 4, Of course, since the angle depends on the difference In the ref ractfvtty between the medium 1 and the 

s total reflection layer 2 greatly, the multi-layer reflection film can be used together In connection with the utilized 
combination of the medium 1 and the total reflection layers 2. It ia expected that the suitable rmrftHayer re- 
flection film to be combined Is ones which exhibits a high refJectMry against the vertical Incident light radiating 
toward the top surface, besides the layers which exhibits a high reflectivity against the oblique Incident light 
so as to secure the reflectivity against the light radiating toward the side surface. For the material used for the 

10 total reflection layer. It Is desirable that not only the refractive Index thereof Is less than that of the med ium on 
the Incident side but also a lattice match can be attained therein. Bearing these points Into mind, when the 
medium on the Incident side Is AlOelnP. any one of AIQalnP (where, the alloy composttion ratio of Ai thereof 
Is larger than that of the medium on the Incident side). AllnP. AlOaAs and AJAa |s appropriate for the material, 
particularly, 

«s Similarly In case that the medium on the Incident aide teAIGoAs, any one of AK3eJnP. AllnP. AIGeAa (whole, 
the alloy composition ratio of AI thereof is larger than that of the medium on the Incident sMe) and AlAs Is ap- 
propriate forthe material, particularly. Further, In case that the medium on the Incident side Is 2nSe orZnSSe. 
either ZnCdS or ZnMgSSe Is appropriate for the material. In case that the medium on the Incident side Is 
ZnMgSSe, ZnMgSSe where the aloy composition ratio of Mg or S thereof fa> larger than that of the medium on 

20 the Incident aide Is appropriate for the materiel. Also, hi case that the medium on the Incident Me re GaAsP, 
any one of GaP. OaAaP where the alloy compceftlon ralo of p thereof Is larger than that of the medkim on the 
Incident side, and AJGaAs Is appropriate for the material, particularly. Again. In case of the medium on the In- 
cident aide of AIGaJnN. AIGatnN where the alloy compound ratio of AI thereof fs larger than that of the medium 
on the Incident aWe or the alloy composition ratio of In Is smaller than that of the medium is appropriate. 

Note, although the accurate refractive Indexes have not been known for afl of the above materials, a ma- 
terial cf a large bandgap generally has a lower refractive Index, Particularly. In the III group elements of the 
llhV group semiconductors, the larger the material has a composlton ratio of the element Ga rather than the 
element In and furthermoje, a composition ratio of the element AI rather than the element Ga. the smaller the 
refractive Index thereof exhibits. Also. In the V group elements, the larger the materiel has a composition ratio 

90 of the element P rather than the element As and furthermore, a compostlon ratio of the element N rather than 
the element P, the smaller the refractive index thereof exhibits, Similarly, also fen the II group elements of the 
n-VI group semiconductors, the larger the material has a composition ratio of the element Zn rather than the 
element Cd and furthermore, e composition ratio of the element Mg rather than the element Cd, the smaller 
the refractive Index thereof exhibits. Alternatively, in the VI group elements, the larger the material has a corn- 

99 position ratio of the element So rather than the element Te and flirt herroora, a composition ratio of the element 
8 rather titan the element Se. the smaller the refractive Index thereof exhJbfts. Similarly, also In the VI group 
aemlconductora, such as SIC. SIGe etc. the larger the material has a composition ratio of the element SI rather 
than the element Ge and furthermore, a composition ratio of the element C rather than the element 61. the 
smaller the refractive index thereof exhibits. 

40 The above^nentloned total reflection layers are suitable tor the light-emitter rad Satiny the light from side 
surfaces thereof. Rg,QAsftows a schematic view In case of radiating the fight from the top surface, while Flg.SB 
shows a achematio view In case of radiating the light from the side surfaces. Among light radiating from a posit 
P In Ftg.flA* a component of Dght radiating from the top surface Is restricted by tire total reflection at the top 
surface to thereby occupy only a clroder area 8. The ratio of the solid angle of the radtetlve light to the whole 

45 solid angle Is 5.1%. 

On the other hand, as shown in Flg.6B. the light emitting from a point Q on a central axis of a cylindrical 
body radiates from an area 7 of a side surface of the cylindrical body taken along two parallel surfaces In the 
cylindrical body* The ratio of the solid angle of the radiative light to the whole solid angle la 44.1%. In this way 
It b uno^ratood that the solid angle of the light radiating from the side surface Is overwhelmingly larger than 
60 that of the light radiating from the top surface. 

In order to radiate from the side surface, however, ft Is necessary to either thicken a transparent area suf 
fldently or reflect the light incident obliquely on a substrate so that the light beam emitting at a center of the 
body can reach the side surface without being absorbed by the substrate. 

»f «^ obovo^ntioned total reflection layer is used, it Is possible to guide the light beam emitting at a 
cwwof the body up to the side surface, without excessively thickening the transparent area. Further. If the 
above total reflection layer is provided on not only the tower pert nf the emitting layer but the upper part thereof 
It Is possible to guide the light which would travel toward the upper pert and which would be absorbed In the' 
vicinity of the electrode, to the side surface. 
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There Is a case that the light reflected by the tote! reflection layer la absorbed Into the light emitting layer 
again. Different from a case that the light te absorbed into (ha substrate etc,, euch a phenomenon can contri- 
bute Id emitting again. As mentioned before, euch an effect Is called the photon recycle effect The Photon 
recycle effect exists In both the light-emitting, diode and the semiconductor laser. Particularly, In the semfeon- 

fi ductor laser, the threshold current for oscfDatlon can be reduced. 

Since trie light can be extracted from the side surfaces mainly In this way, the semiconductor light emitter 
according to the present Invention le especially suitable for audi an application that the LED chips of the In- 
vention are mounted laterally on the printed board. According to this mounting form, since the chips are eJeo 
tricaJly connected to the printed board without wire-bonding, the process of connecting becomes simple and 

to the reliability of electrical connection can be Improved. 

On the other hand, since the semiconductor light emitter of the present Invention la so constructed as men- 
tioned above, h fa also suitable for an application as the semiconductor laser. Flg.7 shows a schematic diagram 
of an arrangement of the light radiated from the top surface or the side surface of the semiconductor Eight emit- 
ter employed In the present Invention. With reference to Flg.7, li shall now be described of a fact that the star* 

T6 eographlc angle which the oblique light occupies te overwhelmingly larger En comparison with that of the vertical 
light The stereographlc angle of 0 te 6* which Is shown with 6 close to the vertical direction, Is expressed by 
the equation: 



20 6 

2n f slnfl d6 * 2* <l-coa9) % 2rc &* / 2 
0 

28 where, the above approximate equation Is effected when the angle a is sufficiently smaller than a. 

On the other hand, the stereographlc angle of fi/2 - 0 to which la shewn with H close to the horizontal 
direction. Is expressed by the eouatlon: 

f 

2n I 9tn6 d6 « 2rt (sine) * 2re B 



«s where, the above approximate equation is effected when the angle e Is sufficiently smaller than 1 . 

Hereon, It Is presianed that the value of e Is lees than kIZ In such a case, the value of the second equation 
Is always larger than that of the first equation and particularly, the difference therebetween becomes sfgntf- 
Icantwhen the angle e Is smaller than 1. For example, fri case of & of 24", the stereographlc angle shown with 
G of F|g.7 r which Is dose to the vertical direction, la 0.543 while the stereographlc angle shown with H, which 

40 b c* 08 * to ttw horteotrtal dsectkn, b 2.556. It can be seen that the angle of the latter Is 4.7 times as large as 
that of the formar. In thte way, It will be noted that the stereographlc angle dose to the vertical direction Is larger 
than the stereographlc angle dose to the horizontal direction, whereby the total reflection layer having a high 
reflection ratio against the Incident light in the oblique direction b advantageous. 

Note that, the effect of the total reflection layer according to the present Invention Is different from the 

45 total reflection at the boundary surface between the active layer and the cladding layer. A normal waveguide 
of the semiconductor laser guides the light by the total reflection at the boundary surface between the active 
layer and the daddlng layers to thereby attain the laser oscillation. On the contrary, the total reflection layer 
of the pressnt Invention Is arranged outside the daddlng layer to operate to return the light the active layer to 
the active layer again. Since the total reflection layer le arranged In the area where the waveguide light does 

oo not reach, It Is easy to distinguish the total reflection layer from the daddlng layer. 

BRIEF DESCRIPTION OF THE DRAWING 

F1g.1 le a croas-aactlonal view showing a conventional LED; 
S3 FlgJ2A Is a perspective view showing an example of a LED chip used In a conventions! lateral mounting 
method; 

FfgjZB Is a front croas^ecfional view of the LED chip of F&.2A, to which the lateral mounting method Is 
applied: 
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Flg.3 to a cross-sectional view showing a conventional semiconductor laser; 

Flfl<4 b a schematic aoss^seenonal vlow showing a relationship among a right beam, a aide surface and 
a reflection layer, In order to describe an operation of the present toventlon; 

Flg.5 to a diagram showing a relationship between a reflectivity R and the thickness d of the reflective 
$ layer. In order to describe the operation of die present Invention: 

Flg.fiA Is a schematic vim showing a stereographlc angle of a light radiated from an upper surface of an 
emitter, In order to describe the operation of the present Invention; 

Flg.6B Is a schematic view showing a stereographlc angle of a light radiated f mm a side surface of the 
emitter. In order Id describe the operation of the present Invention; 
to Fig,7 taa schematic vtewshcwlng the light radiated from the upper surface or the aide surface of the emit- 
ter. In order to describe the operation of tha present Invention? 

Flg.8 Is a cross-sectional view of a AlGalnP type LED In accordance with theflrst embodiment of the pres- 
ent Invention; 

Fig.9 Is a top view In which tha LED chips of Fig .8 an» laterally mounted In a matrix pattern; 
1* Flg.10 Is a top view of a AIGebiP type of LED In accordance vrfth the second embodiment of the present 
Invention; 

Flg.11 Is a cross-secttonaf view of the LED of Ffg.1 0; 

Ftg.12 Is a cross-sectlonaj view In which the LED of Flg.10 Is molded In a rain; 
Flg.13 is a cross-sectional view of a GeAeP type LED In accordance with the third emboqlmentof the pres- 
& ent Invention; 

Flg.14 Is a crosa-sectlonel view of a ZnCdSe type LED In accordance with the fourth embodiment of the 
present Invention: 

Ffg.15 Is a cross-sectional view of a AIGalnN type LED In accordance with the fifth embodiment of the 
present Invention; 

« FTg.16 Is a oross^ecttonaJ view of a AIQalnP type semiconductor laser In accordance wHh the sixth em- 
bodiment of the present Invention; 

Flg.17 Is a cross-sectional view of a AIGalnP type semiconductor laser In accordance with the seventh 
embodiment of the present Invention; 

Flg.16 Is a cmes-sectlonal view of a AIGaAs type semiconductor laser In accordance with the eighth en> 
M bodhnent of the present Invention: and 

Fig. 19 b a cross-sectional view of a ZnMgSSe type semiconductor laser In accordance with the ninth em- 
bodiment of the present Invention. 



35 



40 



DESCRIPTION OF THE PREFERRED EMBODIMENT 

J^S^^ rf 8BfnJoon ductor "i* 1 * * m,ltere in *™>niance with the present Invention am now described 
fn detail wfth reference to the drawings. 

<The First Embodiments 



shows a cross-sectional view of a light emitting diode (LED) of a AIGalnP type thereof En accordance 
with the ftst embodiment of the present Invention, Note that, In the descrlptioris hereinafter, each numeral In 
fSLffS** 8 ? den0toa a th,ckneaaofeach taY* 1" « direction perpendicular to a surface of substrate, In 

w. ^ Ttl , 6 LED . I** 10 MGbW type of Flg.8 Is manufactured as follows. BytheMOCVD method, an n-typa<3sA» 
buffer layer 11(<X6um), an rwypeA| & ^,^ intermediate bandgap layer t2(0.2um). an n-typeAlAs total re- 
flection layer ^(lum). an retype AIGalnP(y=0.7) cladding layer iSCZopm), an undoped AlOalnP^o^) emit- 

*> 1«1uTJS ^"JT*? dadd,ns? ,ayer 17 »* a P-type AlAs total ration layer 

I™^^ ^n********* ^termedlata bandgap layer 20(0.2uin) and a p-type GaAs contact layer 21 (1 urn) 
iZ l!^*^^* GaAfl ******* 10of which atop surface consists of a (100) direction plane: 
th*iu ^ f*™**™** on *° toP the bottom surtacesof the above structure, respeo 
*?E?* r ^li^ 8hown > «™ att »ehed °n both electrodes, the structure Is dMded Into chips 
gs tSS^S^ ^ th ° « Chips an, laterally mounted on a pcJS 

Sn r^h - ™^^T 0S T' lM R1 ' «■ raeta. are printed In the matrix 

SSlS^X nner Aat each etertrode 25 of a plurality of chip 30 Is connected to the lateral wiring and 

tot™^ 
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The LED chips, which are mounted with a high density by the lateral mounting In this way. ere convonlofrt 
to use fore linear or matrix LED light source, a LED display, a light Interconnection employing the LEDS and 
so on. since most oT the chips are arranged In a narrow ama* 

In the Ifcht-OTjfttlng diode of the present embodiment, a light beam which reaches the aide surface directly 
s from the light-emitting layer 18, and light beams b, c which reflect at the total reflection layer 14 or 18 to reach 
the aide surface radiate outside. 

In opposition that the typical LED In the prior art has been of 300 urn square in stee, the present LB) can 
be of 140 pm square of which elze Is substantially the same as a pad area required for wife bonding, elnce It 
haanot a radtattog surface on the upper surface thereof. Consequently, the number of LEDS per water be- 
te comes tour times as much as that of the conventional LED, whereby the productivity can be Improved oYama- 
ilcajy. 

The LED In accordance with the embodiment emits at 560nm In the central wavelength and Its brightness 
Is about 1 J times as much as that of the conventional LED of the top-radiation type. This Is because the ratio 
of light radiating toward the side surfaces In front rear, left and right directions Is larger than the ratio of light 
is radiating toward the top surface. 

Here, the first embodiment can be modified as follows. As the total reflection layers 14, 18, any one of 
AIGaAs, AflnP and AIGalnp can be employed Instead of AlAe. The layer thlckneee of each of the total reflection 
lever more than 0.25 um b applicable. 

Trie LED chips can be electrically connected to the electrode wiring by a conductive material besides the 
so solder, such as Ag- paste, conductive resin, etc 

Although the LED chips ere mounted on the printed board 31 In the shown embodiment, they can be sub- 
jected to die bonding with a normal cup-shaped stem and sequent wire bonding. Then* they can be molded m 
a resin. 

Although the electrode of the LED chip Is formed on the whole surface of each top and bottom surfaces 
25 thereof In the shown embodiment ft Is not always necessary to form the electrode all over the surface. That 
Is, a part of the electrode can be eliminated so that the light can radiates partially from the top surface or the 
bottom surface. In such a case, it is preferable to eliminate also the total reflection layer formed under the elec- 
trode to be eliminated so that the cladding layer or the current diffusion layer, which is regarded as a kind of 
the cladding layer In a broadersense, b brought Into contact with the outside (ex. resin, a* vacuum etc). Then. 
so since a difference In the refractive index therebetween would be Increased at the boundary surface, the effect 
of total reflection can be Improved. 

Although the Intermediate band gap layers 12 end 20 have an effect to reduce a voltage applied to the emit- 
ter, they can be replaced with the other materials such as GalriP etc.. each of which has a bandgap between 
GaAs and AlAs. Further, either a graded layer of which composition b gradually changed or a supertettlce layer 
35 Is also applicable for the bandgap layer. 

t n the modification, the substrate 1 0 can be termed to be a p-typs substrate, not an n-type. Then, each 
conduction type of ell layer contained In the chip should be reversed, accordingly. Further, the plane-direction 
of the substrate 10 b not limited to the plane (100) In the embodiment and every plane can be applicable. 
Although the material AnZn b used for the top electrode 25 In the above embodiment the other p-skle 
40 ohmlc electrode can be used therefor. Furthermore, although the material AuGe b used lor the bottom elec- 
trode 26 in the embodiment another n«eide ohmlc electrode can be used therefor. 

Finally, although the respective semiconductor layers 11 - 21 are provided by the MOCVD method, they 
can be formed by a MB£ (molecular beam epitaxial) method, a gas source MBE method, a MOM BE (metal 
^ organic MBE) method, a CBE (chemical beam epitaxial) method and so on. 

*The Second Embodiment 

flgj 0 shows a top view of an IXD 
shows a crose-sectlonal view thereof. 
00 anaP* of 8 Wee of the LED element In the second embodiment b not e rectangular parallelepiped but 

Is tonned to be a conical shape with Fta top portion savored. 

The LED In the second embodiment b manufactured as follows. By the MOCVD method, an n-type GaAs 
buffer layer 51(0,5ujn), an n-type GalnP Intermediate bandgap layer 62(0.2um), an n-type AllnPtotal-reflectlon 
layer 54(1 um). an n-typ O AlGaInP(y=0.7) clodding layer 65(25um), en undoped AIGalnP(y-tf. 5) ending layer 

^ !^ typaAJGa,nP(y " a7 > <*«Mln9 fcver 57(25um). a p-rype AllnP total reflection layer Bd(1pm), a p* 
type QalnP Intermediate bandgap layer 60(0 ^um) arid a p-type GaAs contact layer 01(1um) are formed in or- 
der on an n-type GeAs substrate 60 of which a top surface consists of a (100) dfrectton plane. 

Next; a top electrode 69 and a bottom electrode 66 ere deposited In vapor all over the top and bottom 

8 
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surfaces, respectively. Thereafter, by means of a wet-etching process, a resist pattern oMOOuir*) is formed 
on the top surface 65 ami then the respective layers from the top electrode 65 through the substrate 50 are 
etched to form a groove of 50pm rn depth. By thb etching, slightly Inclined side surfaces 6d are formed and 
mesa structure 68 of 100 »m6) Is obtained. 

s Thereafter, SrOj protection films 67 are formed on the aide surfaces 69. Note, at that time, since the pro- 

tection films B7 extend also up to the top electrode 65. the excessive protection f lima 67 spreading on the top 
electrode 65 are eliminated by etching after covering the side surfaces 69 with the resist. 

Next the structure Is divided Into chips at Intervals of 140pm by dicing. Then, as shown h Ffg.12, after 
Agr paste Is painted on a stem 1 80, the chip Is pasted on the stem 180 so that the bottom electrode 66 Is or- 

10 ranged to come en underside of the chip. Thereafter, the top electrode 65 Is connected to a lead 162 through 
awlre 183 and then the whole stem Is sealed with a resin 184. 

The light radiated from the fight emitting layer 56 radiates from either the side surfaces dksctly or those 
Indirectly after being reflected by the total reflection layers 63. 54. 58 and 69 as shown with beams g and h 
of Rg,11. As shown by dotted lines In Flg.12. these beams are reflected by the sWe surfaces of the stem 180 

« to thereby radiate from the front surface -of the resin 164. 

There are three reasons why the mesa configuration 66 is provided before dicing. First, the outer radiation 
efficiency can be Increased by Its conical shape In comparison with that of a square column. Second, no dam- 
age due to dicing is caused on the side surfaces, whereby the reliability Is Improved. Third, the protection film* 
67 can be formed. 

so The mesa configuration 66 can be any of shapes besides Its conical shape, such as an octagonal pyramid, 
a hexagonal pyramid, a square pyramid . a triangular pyramfd, and so on. In thb configuration, the side surfaces 
69 are slightly Inclined against the substrate 50; nevertheless, the side surfaces 69 can be vertlcaty formed. 
In theabove-mentlonsd process, although the etching torann the mesa configuration 66 Is executed atWfbrm- 
Ing the top electrode 66 and the bottom electrode 66. ft can be executed fterebefore. Further, the etching metri- 
cs od can be a KIBE (reactive Ion beam etching) method. 

The protection films 67 serve to prevent the efectrlofty from leaking from the side surfaces and to prevent 
the aemloonductor crystal constituting the LED from deteriorating. However. If a product of the layer thickness 
and the refractive Index is set to be 1 /4 of the emitting wavelength, the films can alao operate as films tor pre- 
venting the reflection, so that the light radiation efficiency can be Increased. 
30 Besides the material SIO* the protection film 67 can be made of a dielectric material, such as alumina, 
silicon nitride and others. Regarding the forming method thereof, there are a vacuum evaporating method, a 
sputtering method, and so on. Further, AIGaAa, AIGelnP and other semiconductor films are applicable for the 
protection film 67. Note, In this case. It is preferable that the forming of ths semiconductor film Is carried out 
before forming the top electrode 65 and the bottom electrode 66. The resin can be employed for the fUm 87. 
35 The LED chip In accordance with the embodiment Is convenient tor a lateral mounting Identical to that In 
the first embodiment since the protection films 87 are applied on the side surfaces 69, particularly. 

Regarding other conatftuente of the chip, modifications similar to those described In the first embodiment 
are applicable. 

40 <The Th W Embodiment 

Flg,13showsacross-eectronal view of sGaAsP type LED In accordance with the third embodiment of the 
present invention. Note that, through this embodiment an expression GeAsP stands tor QaAsi. x P x . 

The LED In the third embodiment b manufactured as fellows. By an LpE method, an rvtype OaAsP 
•» < wherein; x changes from 1 to 0.65 gradually ) graded buffer layer 61 (25pm). an rvtype GaAsP (x-O.65) layer 
82(50um), an rnype GsAsPiN (x*0.65) layer 63(20jim) and an undoped Gap total reflection layer B5(5um) 
are formed in order on an n-typa Gqp substrate 60 of which a top surface consists of a (1 11) B direction plane. 

Next charging a Dght-emKtlng diode wafer and the element Zn Into a quartz tube and sequent heating at 
700°C, the element Zn Is diffused from the surfaces so that the undoped OaP total reflection layer 86 and an 
upper portion of the n-type GaAaP:N layer 86 are converted into p-types as to a p-type GaP total reflection 
layer 85 and a p-OaAsP:N layer 64, respecbVely. The light emaa fn the vicinity of the pn junction which is formed 
at the boundary between the layers 66 and 64. With this process, ahhough the bottom surface of the rvtype 
GaP substrate 60 Is converted to a p-type surface, this converted portion Is eliminated by grinding. 

Thereafter, a top electrode 95 and a bottom electrode 96 are deposited In evaporation on top and bottom 
^ f T^!T? meiMfa Then ' otructurt3 b cflv W«d Into chips at Intervals of 250um by dicing and the respec- 
tive LED chips are laterally mounted in the same way as that of the first embodiment 

Abroken line Kin Flg.13 shows a condition where the light, which has been radiated from the pn Junction 
emhting area and reflected by the total reflection layer 64 thereafter, is extracted up from the side surface. 



SO 
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Since the fight which has been abaorbad In the top electrode 96 In the conventional emitter can be extracted 
outside by the total reflection layer 85. the high outer radiation efflcleny can be provided for the LCD. 

In principle, the composition of the Gap substrate 80 la Identical to that of the total reflection layer 86. 
whereby the effects of the former ere similar to those of the letter. The total reflection leyer of the present In- 
fi ventlon le e thin film for total reflection, which le Intenolonafly arranged In front of the absorption area In a view 
from the emitting ares and accordingly, such a concept has not been disclosed In the prior art 

Note that, in the embodiment, since the compound GaP le different from the compound GaAaP In terms 
of lattice constant, tt prevents lattice defect* due to the lattice mismatch from extending up to the Hght-emlttlng 
area by a provision of the GaAsP graded buffer layerof which composition Is gradually changed, when growing 
io the GaAsP on the GaP substrate. On the other hand, since the total reflection GaP layer la grown on tbs GaAaP 
after the right emitting layer has bean formed once. It b hard for the lattice defect to extend up to the light errtftp 
ting layer even rf the graded buffer fayer Is eliminated. From this point of view, although a graded buffer layer 
under the total reflection layer la eliminated In the embodiment tt can be hserted therebetween. 

Further, although the GaAsP Is grown on the GaP substrate In the embodiment the GaAsP can be grown 
1B on a GaAs substrate. It Is noted that generally, the GaP substrate bused for a yellow, orange or red LED In 
the GaAsP type and that the GaAs substrate is used for a red or Infrared LED In the GaAaP type. 

Although GaP of a refractive Index smaller than that of AlGaAs Is employed as a material far the total re- 
flection layer In the shown embodiment AlGaAs may be used therefor. 

Regarding other constituents of the chfr, modifications similar to those described In the previously men- 
» tfoned embodiments are applicable. 

<The Fourth Embodiment 

Flg.14 shows a croas-secttonal view of aZnCdSe type LED thereof in accordance with the fourth embodiment 
W of the present Inventor. In addition, through thja embodiment, an expression ZhCdSe stands tor ZrvxCdxSo; 
ZnCdS for Zn^xCdxS; and ZnMgSSe for Zn V xMgxSvSei. y. 

The LED In the forth embodiment Is manufactured as follows. By the MBE method, an n-type GaAs buffer 
layer 101(0,5um) p an n-type AJ^Ga 0Jf As first Intermediate bandgap layer 102(0.2ujn). an n-type AlAa second 
intermediate bandgap layer 1 03(0 .2um). an n-type ZnCdS reflection layer 1 04(1 urn), an n-type ZnSSe cladding 
30 layer 1o6(20um). an U7!doped2oi.xCd*Se (x=0.2) strained quantum well emitting layer 108(0.01 urn), a p-type 
ZnSSe cladding layer 107(20um), e p-type ZnCdS reflection layer 10B(1um). a p-type AlAs second fcitermecfr 
ate bandgap layer 109(O2nm). a p-type A^bGb^As first Intermediate bandgap layer 110(p.2um} and a p-type 
GeAa contact layer 111(1 urn) are formed In order on an n-type GaAs substrate 100 and thereafter, a top elec- 
trode 115 end a bottom electrode 11 fi are formed, 
a* Next the structure Is divided Into a plurality of chips of 140um square by dicing end thereafter, the proo- 
bssss of stem-bonding, wire-bonding and sealing with resin are carried out In order, eo that the chips are let* 
erafy mounted In the same way as that of the first embodiment 

Broken lines I and J In Flg.14, show examples of beams radiated from the side surfaces afterbelng emitted 
In the light emitting layer. 

40 "Tn* LED emitter of this embodiment can radiate a blue light of 482mn In wavelength, which Is necessary 
for the f ull*color display. The brightness of light Is Z2 times as much as that of the conventional top> radiating 
type of LED emitter without employing a reflection layer having a total reflection characteristic. 

Utilizing a feature that a refractive Index of ZnCdS constituting the reflection layers 104 and 108 is smaller 
than that of ZnSSe constituting the cladding layers 108 and 107. ZnCdS is employed for the reflection layers 
4B in the embodiment Note that the alloy composition ratfoof ZnCdS to ZnSSe to established so as to be in lattice- 
matched with the GaAs substrate 1 00. 

Regarding this fourth embodiment, e variety of modifications are applicable, as described below. 

That Is. ZnCdSSe and ZnMgSSe Instead of ZnCdS are applicable for the reflection layers 104 and 108. 
« _*JT *? da * Fn 8 ,HVOra 103 « 1 07 of which fa a medium arranged on on Incidental side tor the total 
"n^ton layer, ZnSe or ZnMgSSe may be used instead of ZnSSe. Incidentally. In the case If ZnMgSSe Is util- 
ized for the cladding layers 105. 107, It Is desbable that also the same composition ZnMgSSe Is used forthe 
total reflection layer, and furthermore, that a Mg or S composition ratio thereof Is so set as to be larger than 
that of the cladding layers. 

Furthermore, the LED can be formed to be the mesa configuration as shown In the second embodiment 

Although the llghtremlttlng layer 10S is made of ZnCdSe (XMX2) in the embodiment a value of X therein 
la not limitative. For example, the light-emfttlng layer can be made of ZnSe resulting from X of a Further the 
Hghtremtttlng layer can be of a mult [quantum wel such as ZriSe/2nCdSe. T7ie ZnSSe cladding layers 106, 107 
of the embodiment can be consisting of ZnS/ZnSe strained super-lattice layers, respectively* 

10 
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Although the respective semiconductor layers 101 - 111 are provided by the MBE (molecular beam eph 
taxtel) method, they can be termed by the MOCVD method, the MOMBE method, the ^9 source MBE method, 
the CBE (chemical beam epitaxial) method, and so on. 

Regarding elements for the respective semiconductor layers 104 - 108 Jt Is applicable of the It-Vf group 
6 semiconductor* using the elements Cd. Zn. Mg etc, as the II group element and the element* To, Se. S eta. 
ss the VI group element 

<The Fifth Embodiments 

10 shows a cioae-eecUonal vtew of an AIGal hN type LED In accordance with the fifth embodl ment of 

the present Invention. 

An AIN buffer layer 301 . an n-type GaN cladding layer 302, an n-type GalnN HgmVemltttng layer 303. a p- 
type GaN cladding layer 304 and a p-type AIGaN total reflection layer 308 are formed on a sapphire substrate 
300 si aider, by the MOCVD method Next, a part of die emitter Is etched to expose the n-type GaN cladding 

ffi layer 302. Ap-aids Au electrode 30B b formed on the p-type AIGaN total reflection layer 305 and similarly, an 
n-ekte Al electrode 307 Is farmed on the n-type GaN cladding layer 302 exposed by etching. After that, the 
structure Is divided Into a ptorallty of chips of 280um square by dicing and then, the processes of mounting to 
the stem, wtoe-bondlng to the p-slde electrode and n-efde electrode and seating with the resin are carried out 
in order In such a case, there Is a problem that the current Is not diffused enough Into the p-type GaN cladding 

ao layer since It is difficult to reduce a resistance of the p-type GaN layer In the conventional structure. If the 
current diffusion te Insufficient, the light emission Is executed mafrily underthe p*slde electrode. Consequently, 
a light component traveling far the p-slde electrode Is absorbed by the electrode Itself, so that the light cannot 
be used effectively while a light component traveling for the sapphire substrate can be used effectively. Ac- 
cording to the embodiment however, the light component absorbed In the p-slde electrode can be reduced 

& sharply since the p-type total reflection layer 30s |b arranged underthe p-stio electrode. Therefore, for exam- 
ple, It Is possible to guide the beam t shown In Fig. 15 to the side surfaces of the LED, 

Note that, the present Invention can be applicable lor a variety of light emitting diode having materials and 
a structure besides those shown In the previous embodiments. 

so <The Sixth Embodiment 

Flg.1S shows a cross-sectional view of a semiconductor laser rn an AIGatnP type thereof In accordance wfth 
the sixth emcodiront of the present Invention. Note that, In the descriptions fc^nafter, each numeral In each par- 
enthesis denotes a thickness of each layer ki a dtection perpendicular to a surface of substrate thoroof. Further. 
cji expression GaJnP stands for Ga^no^R AllnP for AWn^ and AJGalnP etandator (A^Ga^fcJntuP. 

The AJGalnP type of semiconductor laser In Fig. 16 Is manufactured as follows. By the MOCVD method, 
an n-type GeAs buffer layer 411(0.5um). an retype AI< u Ga fl>5 Ae Intermediate bandgap layer 4l2(02um), an 
n-type AlAs total reflection layer 41 4(1 pm). an n-type AJGalnP (y=0.7) cladding layer 41 S(2pjn), an undoped 
GsaaJnMaP strained active layer 416<20nm), a p-type MQB {mufti quantum barrier) layer 417, a p-type Ah 
GalnP (y«0.7) cladding layer 4l6<2um). a p-type AlAs total reflection Iayar421(1 um), a p-type AluGouria In- 
termediate bandgap layer 422(0^um) and a p-type GaAs contact layer 423(1 m ) are formed In order, on a n- 
type GaAs substrate 410 of which a top surface consists of a (100) direction plana 

And then, farming an Insulating film 424 on a tap surface of the laminated structure, an opening 429 having 
100um In width Is formed by etching. Thereafter, forming an electrode 426 on the top surface and the other 
electrode 426 on a bottom sirfece, respectively, the structure Is cleaved hto laser bare of 500pm In length. 

Next, a low reflection film (AfcCy 427 [not shown) Is formed on a f rent cleaved surface and a high reflection 
film (AlaQ^Si/AtfWSIAIaOs) 428 (not shown) Is formed on a rear cleaved surface. Further, the laser bare are 
o^edlrnp a plural Iry of chips and ^ 
otter, the chip Is sealed hermetically for a laser package. 

The semiconductor laser of this embodiment oscillates wfth a central wavelength of e30nm. Further, the 
threshold current of the semiconductor laser Is reduced to about 1/2 times as much as that of a semiconductor 
laser havfrig no total reflection layer sincea spontaneous emission light traveling obliquely from the active layer 
416 to the total reflection layer 414 or 421 Is reflected to return to the actfve layer. 

Also regarding the sixth embodiment a variety of modifications are applicable, aa described below. 
< . A ™S * lnP orAf<aalr, P ,nWB *< 1 *■» employed compound AlAs can be used for the reflection layers 
414 and 421 Each of the total reflection layer can have a layer thickness more than 0,29pm (-1 41 times of 
0.63urrV 3.11 ; whare the value "3.11* to the refractive Index ofAIAs at 0.63pm In wavelength). 

Although the active layer 416 Is constructed as a tensile strain type quantum well layer, It can be any of 

11 
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a compressive strain type quantum well layer, a no-strain type quantum wed layer and a multiquantum well 
layer. Further, although tire active layer does not contain the dement Al In the above-mentioned embodiment, 
the layer can contain it In another form. 

Although the MOB layer 417, which la a supeNattice layer comprising ten pairs of the compound GalnP 
e layer and the compound AIGalnP (y-0.7) layer, te provided In order to reduce a overflow of electrons from the 
active layer 416 to the p-claddlng layer 418. the layer to not always necessary for the present laser. 

Between the active layer 41fi and the cladding layer 415 or betweenwthe active layer 416 and the MOB 
layer 417, there can be provided a light guide layer which has a refractive Index smaller then that of the active 
layer and farcer than that of the dadoing layer. 
10 Although each of the Intermeolate bandgap layers 412 and 422 have an effactto reduce the voltage applied 
to the laser, these layers are not always necessary and alternatively. It can be replaced with other material 
(ex. GalnP etc) having a bandgap between OaAs and AlAs, Again, It can be either a graded layer of gradually 
varied composition or a super-lattice layer. 

in a modification, the substrate 41 0 can be formed to be conductivity of p-type, not n-type. In euch a case, 
xs the conduction type of all layershmJd be reversed. Further, the plane-direction of the substrate 410 Is not lim- 
itative to the plane of (100) of the embodiment so that any of directions Is applicable. 

Trie top elect rode 425 can be constituted by the other p-s|de ohmta electrodes besides the Au2n electrode. 
Similarly, the bottom electrode 426 can be constituted by other n-atde ohmte electrodes besides the AuOe 
electrode. 

so Although the respective semiconductor layers 411 - 423 are provided by the MOCVD method in the em- 
bodiment they may be formed by the MBE method, the gag source MBE method, the MOMBE method, the 
CBE (chemical beam epitaxial} method, and oo on. 

<The Seventh Embodiments 

26 

Flg.17 shows a cross-sectional view of a semiconductor laser In accordance with the seventh embodiment 
of the present Invention. Note that, because of Its similarity to the sfrth embodiment the compounds Identical 
to those to the sixth embodiment are Indicated by the same reference numerals, 

An AIGalnP type cf semiconductor laser In Flg.17 Is manufactured as follows. By the MOCVD method, an 
30 n4ype OaAs buffer layer 411 (O.Sum), an n-type Ala^o^As Intermediate bandgap layer 41 2(0.2pm), an re- 
type AlAs total reflection layer 414(1 jim), an n-type AIGalnP (y^0.7) cladding layer 415(2pm). an undoped 
GWn**fiP strained active layer 4ie(20nm), a p-type MQB (multl quantum barrier) layer 417, a p-type AI- 
GalnP (yaO.7) first cladding layer 41 8(2jim), a p-type GalnP etching stop layer 419 (Snm). a p-type AIGalnP 
(y-0,7) second cladding layer 420(0.2^), a p-type AIAs total reflection layer 421(1 urn), a p-type AtuGaajAa 
S3 Intermediate bandgap layer 422(0 .2pm) and a p-type GaAa contact layer 423(1 jim) are formed In order, on an 
n-type GaAa substrate 410 of which the top surface consists of the (100) direction pfane. 

Next forming the Insulating film 424 (not shown In the figure) having a width of 4um on the top surface 
of the laminated structure and sequent using the film as a mask, a rfdge atrip© 440 Is formed by etching up to 
this side of the etching stop layer 419. Next an n-type GeAs layer 430 Is formed by the MOCVD method. 
40 Thereafter, eliminating the Insisting film 424, a p-type GeAs layer 432 Is formed. Furthermore, forming 
the electrode 425 on the top surface and the other electrode 426 on the bottom surface, respectively, the struc- 
ture Is deeved Into laser bars of 500pm In length. 

Next, the low reflection film 4*7 (not shown) Is formed on a front cleaved surface and the high reflection 
film 428 (not shown) Is formed on a cleaved rear surface. Further, the laser bars are divided Into a plurality of 
45 cMP* then, the wire-bonding la carried out after mounting them on the stem. Thereafter, the chip Is seeled 
hermetically for the laser package. 

Different from the sixth embodiment the semiconductor laser In accordance with the present embodiment 
includes a stripe waveguide structure for oscillating In a single transverse mode. Although the maximum llght- 
output of the oscillation laser In the single transverse mode is smaller than that of the broad-area or array typo 
bo of laser shown in the sixth embodiment the shape of light beam Is so good that it Is possible to focus a spot 
diameter up to a diffraction limit of light whereby It Is suitable for an optical disc. etc. 

The semiconductor laser of this embodiment osculates with a central wavelength of630nm. Further, the 
threshold current of the semiconductor laser Is reduced to about 2/3 times as much as that of a semiconductor 
laser having no total reflection layer since a spontaneously radiated light travelfng obliquely from the active 
« layer 416 to the total reflection layer 414 or 421 Is reflected to return to the active layer. The reason why the 
redudon ratio of the threshold current Is small In comparison wXh that of the sixth embodiment Is because a 
part of the total reflection light Is returned to outside of the stripe 440. whereby It becomes Ineffective. 
Of course, metrications similar hi those of the shth embodiment ore applicable In this embodiment 
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<The Eighth Embodiment* 

Fig- IB showa a cross-sectional view of a eemteond uctar laser In accordance wtth the eighth embodiment 
of the present invention. 

g By the W BE method, an n-type GaAa buffer layer 211 (O.Sjim). an retype Alo^Ga&sAs Intermediate bandgap 

layer 212(0.2um). an n-type AlAs total reflection layer 214{11um), an n-type AlousGaojAs cladding layer 
21 5{2pm) t an undoped AI^G^qmAb active layer 21G(a05uni), a p-type AI& E GauAs daddlng layer 21 7{2pm), 
a p-type AlAa total raf taction layer 216(1 jim). a p-type AlojOaoaAs Intermediate bandgap layer 220(0. 2 ^im) and 
a p-type GaAa contact layer 221 (1um) are formed In order, on an n-type GaAa substrate 21 0 of which the top 

10 surface constate of a (111) B direction plane,. 

Then, after applying a SI»N 4 film 222 on the surface, a stripe opening 223 having a width of 100um and 
a pitch of 200um la formed thereon. 

Next a top electrode 226 and a bottom electrode 226 are deposited in evaporation on the whole lop and 
bottom surfaces of the above structure, respectively. Thereafter, the structure la cleaved at Intervale of 400>m 

« Into laser bars. Then, a low raf lection film Is formed on a front cleaved surface of the bar and a high reflection 
film la formed on a rear cleaved surface. Further, the bar la divided Into a plurality of chips at Interval a of 2Q0um 
and then, the wire-bonding is carried out af terd|e-l»ndlng each chip on the atom. Thereafter, the chip Is sealed 
hermetically, whereby the semiconductor laser can be completed 

It has been found that the semiconductor laser of the embodiment has a threshold current of about a half 

30 of that of a semiconductor laser having no total reflection layer. Further, an efficiency of oscillation elope ex* 
hfblts about 1 OW/A Irrespective of the presence of the total reflection layer. 

The reason why GaAa of (111) B plane is employed b because the plane can provide a lower threshold 
current than that of a substrate having a plane of (100). It should be noted that however, a sort of the substrate 
is not limitative to that of the embodiment 

25 

<Tri© Ninth Embodiment* 

Fig. 19 shows a cross-sectional view of a semiconductor laser In accordance with the ninth embodiment 
of tha present Invention. Note that cm expression ZnCdSe stands forZn 1 . lt Cd lt Se; ZhSSe for Zn&Sew and 
» ZnMflSSe stands for Zn,_ JdaASevy- 

By the MBE method, an n-type GaAs buffer layer 1 51(0.5um), an n-type 2nSSe buffer layer I52(0.2uiri), 
an n-type ZnMgSSe total reflection layer 153(1 ^m). an n-type ZnMgSSe cladding layer 164(1 urn), an n-type 
ZnSSe light guide layer 155(0.11um). an undoped strained quantum well active layer 

I66(0.01ujn). a p-type ZnSSe light guide layer 167(0,1 Mm), a p-type ZnMgSSe Gadding layer 16B(1um), a p- 
35 ZnMgSSe total reflection layer 1 69(aoiim). a p-type ZnSSe contact layer 1 6u(1um). a p-type ZhSe,. Je, 

graded contact layer 161 (xO to 0.5: 1nm) and a p-type ZhSeaaTec* contact layer 162(1 pm) are formed In order, 
on an n-type GaAa substrate 150. 

After applying a ey^fttm 164 on a surface, a stripe opening 189 having a width of 100um and a pitch of 
200iim Is formed thereon and then a top eJectrode 166 and a bottom electrode 168 are formed on the top and 
« bottom surfaces of the above structure, respectively. Thereafter, the structure b deaved at Intervals of 300um 
and furthennoro a low reflection film (not shown) Is formed on a front side of the cleavage surfaces and a Hgh 
reflection film (also, no shown) on a rear side of the cleavage surfaces. 

Note, the composition ratio of ZnMgSSe of the cladding layers 146 and 166 to set to x=0.08 and y=*,16 
and the composition ratio of ZnMgSSe of the total reflection layers 163 and 1 so |s set to xf0.24 and y»0.4 In 
46 * ucn manner that a refractive Index thereof b smaller than that of the former layers, except that these com- 
position ratios are set to be in lattice-matched with tha GaAs substrate 150. 
Regarding this embodiment the Mowing changes are applicable. 

That Is, such a stripe configuration as described in the seventh embodiment can be provided to this struc- 
ture. 

00 Although the respective semiconductor layers 151 - 162 are provided by the MBE method In the embodi- 
ment they can be farmed by the MOCVD method, the gas source MBE method, the MOMBE method, the CBE 
method, and so on. 

Alwough there Is not a detailed description In embodiments hereat. It Is possible to carry out the photon 
recycle due to the total reflection layer In the InGaAsP type semh»nductor laser. At present, an Investigation 
60 ™ semiconductor laser has been developed using AlGalnN materials. Therefore, the total reflection layer of 
thelnvention can be tmorporatad Into such materials. Note that, although the first to ninth embodiments are 
employing the structure whereto the electrodes are formed on both top and bottom surfaces, the total reflection 
layer of the invention Is applicable for such a known semiconductor laser thai both positive and negative eleo- 
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trades ere arranged on the same etdo of either the top eurtaoe or the bottom surface. In ouch a semiconductor 
laser as bath positive and negative electrodes are provided In only one surface. It Is not neceasary that the 
conductive type of the total reflection layer Is the same as that of the cladding layer which Is adjacent thereto. 
Of oourse, the present Invention can be applied for other semiconductor lasers of different materials and 
fi structures besides those described In the above embodiments. 

As apparent from the foregoing, according to the present Invent ton, It Is possible to attain a high outer ra- 
diation efficiency or a low oscillation threshold current with a simple and compact constitution In the semicon- 
ductor light emitter such as a nght-emlttlng diode and a semiconductor laser, etc 

More specifically. In case of the LED, since the light, which has been absorbed In the opaque layer after 
10 entering obliquely thereto, can be picked up from the aide surfaces of the LED chip by arranging the total re- 
flection layer between the transparent layer and the opaque layer. It b possible to attain a high outer radiation 
efficiency with the simple and com pact constitution. Furthermore, since the light can be picked up mainly from 
the side surfaces of the chip, K b convenient to mount the LED chip on the printed board hi the lateral arrange- 
ment. 

1 s Accordingly, the present Invention contributes considerably to the Improvements In brightness, efficiency 
end productivity of such llghvemlttfaig diodes as the AJGsJnP type, AIGaAs type, GaAsP type, II-V1 group type 
and the AlOalnN type. 

In case of the semiconductor laser, by arranging the total reflection layer between the cladding layer and 
the opaque layer and by carrying out the photon recycle to return the spontaneously emitted light which has 
so not contributed to the lasetMssclllatton conventionally, to the active layer, It Is possible to provide a semicon- 
ductor Ia9er with a low threshold current and a high efficiency. 

Accordingly, the present Invention contributes considerably to the reduction of threshold current level and 
the Improvement In efficiency of such semiconductor lasers as the AIGalnP type, the AIGaAs type and the II- 
VI group type. 

28 

Claims 

1. A semiconductor light emptier having a structure In which a light emitting area or an active layer a trans* 
so parent layer which la pervious to light radiated from said light emitting area or said active layer, and an 

opaqus layer or an opaque substrate which to Impervious to said rad lated light are arranged bi order or 
in the inverse order, comprising: 

a total reflection layer arranged between said transparent layer and said opaque layer so as to 
coma Into contact with saw transparent layer, a refractive Index of said total reflection layer being smaller 
a* than that of said transparent layer; 

wherein at least one pert of fight which has been radiated from said lighfrernltttng area or cold active 
layer and which has been reflected by said total reflection layer thereafter, b either radiated outward from 
side surfaces of said transparent layer or returned to said active layer. 

40 2. A semiconductor llgrrt emitter having a structure including a light emitting area or an active layer, In which 
a first transparent layer which Is pervious to light radiated from said llght-emft ting area or said active layer; 
and a first opaque layer or an opaque substrate which la Impervious to said radiated I Ight are arranged 
In order, under said light-emitting area or said active layer and In which a second transparent layer which 
b pervious to fight radiated from said light-emitting area or said active layer; and a second opaque layer 

45 or an opaque substrate which Is impervious to sard radiated light are arranged rn order, over said light 

emitting area or said active layer, said semiconductor fight emitter comprising: 

a first total reflection layer arranged between said flrtf transparent layer and eald fYst opaque layer 
ao as to come Into contact wth said first transparent layer, a refractive Index of said first total reflection 
layer being smaller then that of said transparent layer and 

ao a second total reflection layer arranged between saW second transparent layer end said second 

opaque layer so as to corn© Into contact with eald second transparent layer, a refractive Index of eald sec- 
ond total reflection layer being smaller than that of said transparent layer; 

wherein at least one part of light which has been radiated from said ligrrt-ernfttlng area or eald active 
layerand which has been reflected by said firstorsecond total reflection layer thereafter, befther radiated 

50 outward from side surfaces of said ffeat or second transparent layer or returned to said active layer. 

3. A semiconductor ngnt emitter as claimed In claim 1 , wherein the product of eald layer thickness and the 
refractive index of eald total reflection layer is more than 1.41 times as much as a center tight-emitting 
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